Abstract. Biomass has been still on the rise in recent years in the world. But combustion of biomass led to the increase of emissions in the atmosphere. Mainly in winter time is formed a large amount of particulate matter. They have adverse impact on our health when human breathes them. This is a reason why is important to produce low level of these emissions. However, several aspects impact on their formation. This article examines impact of type of fuel and operation of heat source on PM formation. It compares particulate matter from combustion of wood chips and sawdust at nominal and reduced output.
Introduction
As a source of heat and energy, biomass has been still on the rise in the recent years in the world [1] . We distinguish different types of biomass, such as wood chips or wood sawdust. Wood chips may consist of wood, bark, needles, green leaves, twigs and undressed admixture [2] . The main source of sawdust is chipboard production. Both of fuels are mainly suitable for combustion in boilers with higher outputs [3] . During the combustion of these fuels are formed emissions. Under ideal conditions, complete combustion of carbon would result only in generation of carbon dioxide (CO2) and water vapour. Any products other than CO2 are often called products of incomplete combustion and include particulate matter (PM) and gases [4] . The most important parameters for complete combustion conditions are a high combustion temperature, a sufficient amount of combustion air supply, and adequate mixing of combustion air and fuel gas [5, 10] .
Particulate matter could be a mixture of solid particles and liquid droplets, which vary in concentration, composition (can contain various organic and inorganic compounds) and size distribution [4] .
Particulate matter has adverse impact on our health when human breathe them. This is a reason why is important to produce low level of these emissions. Their amount depends on the method of the combustion process, the type, shape and moisture content of fuel, the fuel distribution in the furnace, a dose of fuel, quantity, temperature and speed of the combustion air and so on [6, 7] . This paper examines impact of type of fuel and operation of heat source on PM formation. It compares particulate matter from combustion of wood chips and sawdust at nominal and reduced output.
Material and methods
Fuels, wood chips and sawdust were tested on experimental heat source with the cyclone separator in the chimney tract. This separator was installed because of capture of particulate matter. Combustion of these fuels was realized at nominal output of 450 kW and then at reduced output of 120 kW. Particulate matter was obtained by gravimetric method using by sampling probe Figure 1 placed in the chimney behind the cyclone separator and caught on a membrane filter, There was determined the amount of particulate matter from the weight of membrane filter before sampling and after sampling. For this evaluation was used the drying and accurate analytical weighing scales. During sampling, there was ensured isokinetic condition It means that velocity of gas entering the sampling probe is exactly equal to the velocity of the gas stream. Then the concentration in the entering of the sampling probe is the same as the concentration in gas stream [8] .
Results
Analysis of results of amount of particulate matter in combustion of wood chips and sawdust at nominal and reduced output is realized in the Figure 3 and Figure. 4. Values of PM are converted to 10 % reference oxygen in the flue gas according to STN EN 303-5 "Heating boilers. Part 5: Heating boilers for solid fuels, manually and automatically stoked, nominal heat output of up to 500 kW" [9] .
During the combustion of wood chips in the first measurement of particulate matter at reduced output was marked by unsatisfactory combustion. The unsatisfactory combustion could be caused by high fuel humidity, which was approximately 50 % at the time of measurement. Based on the results, it can be concluded that, the concentrations of particulate matter in wood chips combustion are significantly higher at the reduced output than at nominal output. Based on the results, it can be concluded again that, the concentrations of particulate matter in wood sawdust combustion are significantly higher at the reduced output than at nominal output. We can see also a significant increase in PM formation in wood sawdust combustion than wood chips combustion. This increase at the nominal output in the flue gas was on average up to 74.4 % higher than that of fuel wood chips.
Conclusion
Examination of combustion process is important for decreasing concentrations of emissions in our environment, such as particulate matter. This paper examines impact of type of fuel and operation of heat source on PM formation. Based on the results, it can be concluded that the least values of particulate matter were obtained during the wood chips combustion at the nominal output on the experimental heat source. The type of fuel, as well as the operation of the heat source has an impact on formation of particulate matter. In terms of PM formation, wood chips are more suitable fuel like wood sawdust and also the operation of the heat source at reduced output has negative influence on their formation. This work has been supported by the project VEGA 1/0864/16/7 "Analysis and optimization of the factors entering into the process of burning dendromass in small heat sources".
